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ABSTRACT 



We present the results of a 24 ks XMM-Newton observation of the NGC 5171 
group of galaxies. NGC 5171 is unusual in that it is an X-ray bright group (ix > 
10^^ erg s~^), with ir regular contours which are not centred on a bright galaxy (e.g. 
iMulchaev et alj[2003j) . The global spectrum is adequately described by a single tem- 
perature APEC model with Tx = 0.96±0.04 keV, and Z = 0.13±0.02 Zq, in good 
agreement with previous ROSAT data. We find the X-ray contours are centred on a 
bright ridge of emission stretching from the BGG to a nearby galaxy. Spectral map- 
ping reveals this ridge to be both cool (Tx ~ 1.1 keV) and metallic {Z « 0.4 Zq) 
in comparison to its surrounding, suggesting it is the result of a tidal interaction 
between the two galaxies. Optical data reveals the member galaxies to have a high 
velocity dispersion (ctv — 494±99 km s^^), and a significantly non-Gaussian velocity 
distribution, suggesting the group is in the process of merging. A region of hot gas 
with Tx = 1.58±0.36 keV is found to the West of the bright central ridge, and we in- 
terpret this as shock-heating resulting from the merging. A further region of emission 
to the South-East of the bright central ridge, with Tx — 1.14±0.13 keV, is probably 
associated with a background group, four times more distant. 

Key words: X-rays: galaxies: clusters - galaxies: clusters: general - galaxies: general 
- galaxies: intergalactic medium - galaxies: formation - galaxies: evolution 



1 INTRODUCTION 

The NGC 5171 group of galaxies has been included in 
several large-sample s tudies usi ng the ROSAT PSPC 
jHelsdon fc PonmanI l2000allbl iMahdavi etlll I2OO0I: 
iMulchaev et alJ 120031: lOsmond fc PonmanI l20oil . Such 
studies have evaluated the global properties of each group, 
and in many cases, used these properties to parameterise 
mean X-ray/optical scaling relations. However such trends 
invariably include significant, non-stati stical scatter in com- 
pariso n to the equivalent cluster trends iHelsdon fc PonmanI 
lioooi). With the greater sensitivity and energy resolution 
of XMM-Newton we can corroborate the global values 
obtained using ROSAT, and map the spatial variations of 
these properties, in order to investigate the origin of their 
scatter from mean trends. 

X-ray imaging has shown the morphology of NGC 5171 
to be unusual in that despite being X-ray luminous (Lx 
> 10*^ erg s~^), it exhibits irregular X-ray contours which 
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are not centred on a brightest group galaxy (Fig. 0. It is 
the only group in the GEMS sample of 60 to possess such 
properties. Optical data reveals the member galaxies to have 
an unusually high velocity dispersion for a poor group (ctv 
= 494±99 km s"\ third highest in the GEMS sample), and 
as such NGC 5171 falls on the upper envelope of the (Jv-Tx 
relation. It has a value of /Japec (the ratio of specific energy in 
galaxies to that in the intragroup gas) of 1.43±0.59, fourth 
highest in the GEMS sample, whilst most groups have /3spoc 
less than or equal to unity. 

In this work we employ XMM-Newton to map the spec- 
tral properties of NGC 5171. We then combine our X-ray 
results with a study of the dynamics of the optical galaxies, 
in order to better understand the evolutionary processes re- 
sponsible for the unusual properties of this group. 

Where applicable we have compared our results to those 
of the Group Evolution Multi- wavelength Study {GEMS, 
lOsmond fc Ponmanll2004ft . who included a 5 ks observation 
of NGC 5171, in their ROSAT-PSPC study of a sample of 
60 optically selected groups. This comparison provides some 
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Figure 1. X-ray/Optical overlays of the NGC 5171 group of galaxies. Contours from the XMM mosaic (left) and the ROSAT PSPC 
(right) are overlaid on a B-band DSS image. Each image is centred on the NGC 5171 galaxy, and covers the same region of sky as the 
X-ray images shown in Fig. |2] 



indication of the reliability of the ROSAT data, as well as 
demonstrating the additional power of XMM-Newton. 

This paper is organised as follows: In §|5|we describe 
the X-ray data reduction, and in §|^we present the results of 
the subsequent spatial analysis. §2] includes an explanation 
of the optical data relating the member galaxies. In §|3we 
describe the global spectral analysis, and in §Elwe describe 
the spatial variation of these spectral properties. In §[7|we 
discuss the implications of the X-ray and optical results, and 
in §|S]we summarise our conclusions. 

Throughout this work we use Ho = 70 km s~^ Mpc~^, 
and a distance to NGC 5171 of 107 Mpc, based on an average 
group redshift, corrected for infall into Virgo and the Great 
Attractor. 



2 DATA REDUCTION 

NGC 5171 was observed for 24 ks with XMM-Newton on 
30 December 2001 (Obs. Id. 0377-0041180801). Data from 
the European Photon Imaging Camera (EPIC) were pre- 
pared for examination using the EPCHAIN and EMCHAIN 
pipeline processing routines within the Science Analysis 
Software (5^45'). Periods of significant X-ray fiaring were 
identified using a binned light-curve. Times for which the 
X-ray fiux exceeded the mean by > 3a were removed, leav- 
ing 19 ks of usable data. 

PN events with pattern > 4 and MOS events with pat- 
tern > 12 were removed from the data, and further bad 
events were excluded using the XMMEA event attribute fil- 
ters. Point sources were identified from data within 5 en- 
ergy bands (0.2-0.5, 0.5-2.0, 2.0-4.5, 4.5-7.5, 7.5-12.0 keV) 
using both a sUding box algorithm (EBOXDETECT) and a 
maximum likelihood point spread function fitting (EMLDE- 
TECT). Results of the two methods were combined to give 
107 detected point sources in the field of view. Five of these 



sources formed a chain between two central galaxies, and 
due to their arrangement, were unlikely to represent genuine 
point sources. We conclude that a bright filament at the cen- 
tre of the group (Section I^Jl has confused the point source 
searching, and we have therefore not excluded this region 
from our subsequent analysis of the diffuse X-ray emission. 
The remaining 101 sources, including all those coincident 
with galaxies, were excluded to the 80% radius for 5 keV 
photons (rpa — 25 arcsec). 

Background properties were estimated from a super- 
position of 72 observations of a blank region of sky taken 
with the same i nstrument, mo de and filter as the NGC 5171 
observation (iRead fc Ponman, . 2003). Background data were 
filtered in the same way as the principal observation, and 
residuals in the background emission, between the source 
and blank-sky datasets, were estimated from an annulus at 
the edge of the field of view (12 < r < 16 arcmin). Such 
residuals may arise from celestial varia tions in galactic X - 
ray emission, and soft proton emission llLumb et alJl2002D . 
or from se cular evolution of the instrumental background 
jDe Luca fc Molondi 200.3). Spectra were extracted for all 
three instruments and fitted over the range 0.3 - 12 keV, ex- 
cluding 7.0 - 9.0 ke V. The model used included a diffuse gas 
component (APEC lsiiiith et al.ll200lh to account for vari- 
ations in the galactic X-ray emission, and a soft power-law 
component to account for variations in soft proton emission. 
The PN instrument required an additional hard power-law 
component (index ~ 0) to account for secular evolution of 
the background. The abundance and redshift of the galac- 
tic component were frozen at 1 and respectively, and the 
power-law components were allowed to vary between instru- 
ments. A radial profile of surface brightness confirmed that 
the annulus used to evaluate the background residuals con- 
tained essentially no group emission (Section I^J. Further- 
more, a second APEC component added to the background 
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residual model, achieved no significant improvement in the 
quality of the fit. For a n account of a simi lar background 
subtraction approach see lZhang et Results of the 

fit to the residual background are presented in Table |5| 

An energy range of 0.4 - 2.0 keV was adopted, as the 
range in which group X-ray emission dominated over the 
background, and data outside this range were discarded 
when generating images and spectra. 



3 SPATIAL ANALYSIS 

Images were created by generating cleaned events lists for 
each instrument, from within a square region centred on the 
brightest group galaxy (BGG) NGC 5171, and binning into 
1 arcsec pixels. Particle flux was estim ated from a datase t 
taken with the filter wheel set to closed l)Martv et al.ll20o3) . 
and normalised using the counts in the range 10 - 12 keV, 
in which the emission was assumed to be entirely particle 
in origin. This particle estimate was then subtracted from 
the image before the exposure correction was applied, as the 
particle flux is not focused by the X-ray mirrors. An X-ray 
background map was estimated from a blank-sky image pro- 
cessed in the same way, and then subtracted from the source 
image. Images from the 3 instruments were combined to 
form a mosaic, and smoothed using an adaptive smoothing 
algorithm. The smoothing scale was varied so as to maintain 
a > 3(T significance in surface brightness, using a background 
level estimated from an annulus surrounding the kernel. For 
comparison purposes, the mos aic was also smoothed using a 
wavelet smoothing algorithm JVikhlinin et alJll998l) . where 
the smoothing scale was varied between 2 and 7 arcsec, 
and regions of > 4(j significance from each scale co-added. 
Fig. 121 shows the results of the two methods, with logarith- 
mically spaced surface-brightness contours overlaid on the 
adaptively smoothed image. We can see from these figures 
that the two techniques produce similar results. However it 
appears that the wavelet smoothing has failed to recover the 
extended, low surface-brightness emission seen in the adap- 
tively smoothed image. A radial profile extracted from an 
unsmoothed image reveals genuine emission out to the edge 
of the image, suggesting that the wavelet smoothing algo- 
rithm is less effective at reduced intensity. 

Fig. Q shows logarithmically spaced surface- brightness 
contours taken from the adaptively smoothed mosaic, over- 
laid on a B-band DSS image, and for comparison the equiv- 
alent image generated from a 5 ks ROSAT PS PC point- 
ing. These images show that the group-scale X-ray emis- 
sion previously detected with ROSAT has been resolved 
into two distinct sub-regions. The larger of the two sub- 
regions exhibits X-ray contours which are highly elongated 
in approximately the North- South direction, suggesting that 
the corresponding gas is not relaxed. Furthermore, a bright 
filament of emission (hereafter the bright central filament) 
can be seen at the centre of this sub-region, orientated in 
a similar North-South direction. This filament appears to 
join two galaxies: the brightest group galaxy NGC 5171, at 
the Southern end, and NGC 5176 at the Northern end. In 
contrast the South-East emission region has only a faint cen- 
tral galaxy. Finally this comparison reveals that the Western 
extension apparent in the ROSAT image is not present in 
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Table 1. A s ummary of the X-ray and optical data for NGC 5171, 
as derived by lOsmond &: Ponman. 120041 

the XMM-Newton image, suggesting it may be the result of 
point-source confusion in the inferior ROSAT data. 

A radial surface-brightness profile centred on NGC 5171 
was extracted from an unsmoothed mosaic of images from 
all three instruments, with point sources removed to rpa (25 
arcsec), and the South-East emission region removed to 2 
arcmin. The radius at which the surface brightness dropped 
to approximately the background level was used to define an 
aperture radius of rap — 9 arcmin. This is consistent with the 
adaptively smoothed mosaic, which demonstrates emission 
dropping to approximately the background level (black) at 
the edge of the image. The radial profile also confirms that 
the region used to evaluate background residuals is largely 
free of emission from NGC 5171. 

All images presented here have a width equivalent to 
twice the aperture radius. 



4 OPTICAL MEMBERSHIP 

We de rive our optical galaxy mem bership using the proce- 
dure of lOsmond fc PonmanI (|20&J) . An overdensity radius is 
defined from the group X -ray temperature u sing a relation 
derived from simulations iEvrard et alj[T99^ : 

Galaxies are then extracted from the NASA-IPAC Extra- 
galactic Database (NED) within a radius rsoo of the BGG 
position, and 3 standard deviations (ctv) of the group veloc- 
ity («), and the process iterated using the recalculated values 
of 11 and (Tv. NGC 5171 is a typical system in comparison to 
the remainder of the GEMS sample of 60 groups, in all pa- 
rameters except (Tv where it has the third highest value (494 
km s~^), and spiral fraction, where it has the joint lowest 
(0). Table Q summarises the optical properties of NGC 5171. 

To better illustrate the spatial and velocity distribution 
of the member galaxies, we have overlaid a galaxy velocity 
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Figure 2. Mosaiced images of NGC 5171. Data from PN, MOSl and MOS2 were combined and smoothed using an adaptive smoothing 
algorithm (top) and a wavelet smoothing algorithm (bottom). Contours in the top figure represent logarithmically spaced surface- 
brightness isophotes, and are included for comparison with other images. 
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Figure 3. Galaxy velocity map. Each symbol represents a group 
galaxy where the size of the symbol is proportional the galaxy ve- 
locity in the rest-frame of the group (liigai I). The symbol 
represents galaxies moving away, and galaxies moving to- 
wards the observer relative to the mean group velocity. The four 
brightest group galaxies are labelled with their name and bright- 
ness rank, and the underlying grey scale image is the adaptively 
smoothed mosaic shown in Fig. 1^ 



map on an image of the X-ray emission (Fig. |3 . Each sym- 
bol represents a group galaxy, where the size of the symbol 
is proportional the line-of-sight galaxy velocity in the rest- 
frame of the group ( |wgai — Wgroup I ) • The symbol ® represents 
galaxies moving away, and galaxies moving towards the 
observer. The three group member galaxies not included in 
Fig. Hare located at a similar RA to the BGG (NGC 5171), 
but lie 3 arcmin outside the X-ray field of view, to the North. 

One significant feature of this figure is that none of the 
member galaxies of NGC 5171 coincide with the South-East 
emission region. A search of NED within 2 arcmin of the 
position of this region reveals 3 galaxies with undetermined 
redshifts. However if these galaxies lie at approximately the 
same redshift as our group then one would expect their red- 
shifts to have been determined and included in NED. Fur- 
thermore, the average apparent luminosity of these galaxies 
is !=s 16 times fainter than the average for the member galax- 
ies of NGC 5171, suggesting they may be « 4 times more 
distant. It is therefore likely that these galaxies, and their 
corresponding X-ray emission, are associated with a more 
distant group. As such we have excluded this region from 
the global spectral analysis. 



5 SPECTRAL ANALYSIS 

For each instrument, a source spectrum was created from 
cleaned events within a radius r < rap of the group posi- 
tion, and a background spectrum created from the same re- 
gion of the blank-sky dataset. Energy channels were grouped 
into bins containing > 30 counts, and a Redistribution Ma- 
trix File (RMF) and Ancillary Response File (ARE) gener- 
ated using the relevant SAS commands. The three spectra 
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Table 2. The spectral properties of NGC 5171 and the associated 
background. The latter 3 components describe the residual emis- 
sion following the blank-sky subtraction (Section |3J, and corre- 
spond to variations in the galactic emission, soft proton emission 
and secular evolution of the PN instrument respectively. 



were then simultaneously fitted with a single-component dif- 
fuse gas emission model (APEC), and a multiplicative ab- 
sorption component (WABS), using XSPEC ( Arnaud 199e|). 
All fits were performed with the neutral hydrogen column 
density fixed at a value t aken from HI radio observations 
l|Dickev fc LockmanllOOol^. and with the redshift fi xed at the 
group value derived bv losmond fc PonmanI (|20o3) • Residual 
background, following the subtraction of the blank-sky back- 
ground, was accounted for by including the residual model 
described in Section |5| in the spectral fitting. As variations 
in this residual background across the detector are not well 
understood, the normalisations of the residual background 
model components were allowed to vary. 

An inspection of the residuals from the fitted model 
revealed two additional emission lines in the MOS spec- 
tra, which were not accounted for by the model. MOS data 
were refitted with a variabl e abundance m odel (VAPEC), 
with abundances taken from I Anders fc Grevesse LIQSS.) , but 
none of the additional lines accounted for these features. 
However adding two Gaussian components to the existing 
model, and fitting simultaneously to only the MOS spec- 
tra, identified the energies of these lines as 1.50 and 1.76 
keV respectively, and improved the fit significantly (AxJ 
= 0.51). These energies correspond to the Al-K and Si-K 
instrumental fiuorescence lines, originating from the cam- 
era s hielding and CCD substrate respectively (Lumb ct ^ 
12223) • To exclude these lines we have ignored all MOS data 
above 1.4 keV in the spectral fitting. Data were refitted with 
a variable abundance model (VAPEC), a two temperature 
model (APEC-I-APEC), and a differential emission model 
(CEMEKL), but no significant improvement was obtained. 

Results of the spectral fitting are presented in Table |5| 
and the spectral data, together with the best-fitting APEC 
model, and the residuals from this model, are plotted in 
Fig.H 
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Figure 4. Spectral data from all three EPIC instruments, shown 
with the best-fitting APEC model, and the residuals from this 
model. The upper model corresponds to PN data, and the lower 
two models to MOS data. 



6 SPECTRAL MAPPING 

In order to better understand the spatial distribution of the 
spectral properties of NGC5171, we have derived spectral 
maps using two complementary methods: 



6.1 Adaptively Binned Spectral Maps 

Data were extracted from within a square region centred on 
the BGG, with a width of 2rap (18 arcmin), and background 
data were extracted from the same region of the blank-sky 
dataset. The square was subdivided into 2"x2"' bins, where 
n = 1 initially, and any bins containing a total of > 500 
counts over all three instruments after background subtrac- 
tion, were used to generate spectra. RMF and ARF files were 
generated corresponding to 6 annular regions of equal width, 
centred on the bore-sight. The spectra for each bin were then 
associated with the most appropriate RMF and ARF, and 
simultaneously fitted with an absorbed APEC model using 
XSPEC. Residual background following the subtraction of 
the blank-sky background, was accounted for as described 
in Section |K| The process was repeated with n increasing by 
1 on each iteration, until it produced a layer with no bins 
containing > 500 counts. Any bins containing < 500 counts 
adopted the properties of the corresponding larger region 
from the previous layer. 

Fig. 1^ shows the temperature map derived using this 
method. We can see that the IGM of NGC5171 exhibits 
temperatures of « 0.8 keV in the outer regions with a rise 
to ~ 1.3 keV in the centre. The bright central filament has 
a temperature which is generally consistent with its sur- 
roundings. There is also evidence for a region of hot gas to 
the West of the bright central filament (hereafter the West- 
ern hot region), with a temperature of ~ 1.7 keV, but with 
no corresponding increase in surface-brightness. A metallic- 
ity map derived in the same way shows the majority of the 
group gas to have a metallicity of Z ~ 0.1 - 0.4 Z©. The 
metal abundance in the Western hot region is ~ 0.4 Z©. 




Figure 5. Adaptively binned temperature map of NGC5171. 
The contours are the logarithmically spaced surface brightness 
isophotes shown in Fig. |21 and the rectangle represents the spec- 
tral extraction region for the Western Hot Region 

6.2 Surface Brightness Region Mapping 

Regions of similar surface brightness were defined from an 
adaptively smoothed mosaic image, using thresholds equal 
to the contour levels shown in Fig. |5| Regions containing 
> 200 counts above the background, across all three instru- 
ments, were fitted with an absorbed APEC model. Fig. |H] 
shows the temperature and metallicity maps derived using 
this method, and Table |5| details the corresponding parame- 
ter values and errors. In agreement with Fig. |S] the temper- 
ature map shows a general rise in temperature from « 0.8 
keV in the outskirts (region 1) to ^ 1.3 keV in the centre 
(region 4). The Western hot region seen in Fig. |5] exhibits 
no corresponding increase in surface brightness, and as such 
does not feature in this temperature map. However we do 
see a drop in temperature to ~ 1.1 keV in the bright central 
filament, which is not apparent in Fig.|H|due to the size and 
position of the bins. Region 1 shows a further dip in tem- 
perature to ~ 1.0 keV, corresponding to emission from the 
BGG. The metallicity map shows a reasonably flat distribu- 
tion At Z ~ 0.10 Z0 across most of the group, with a rise 
to Z > 0.20 Zq in the bright central filament. Such a gradi- 
ent in metal abundance suggests enrichment of the IGM by 
supernovae in the central galaxies iBuote et al 2003.') . 



7 DISCUSSION 

7.1 ROSAT comparison 

Table details the X-ray properties of NGC 5171 derived 
using the ROSAT PSPC. The ROSAT values of Lx = 
42.38±0.06 erg s"\ and Tx = 1.07±0.09 keV, are consistent 
with the values derived here (ALx ~ 1.6a, ATx — l.la). 
Furthermore, the metallicity previously unconstrained by 
ROSAT is now weU defined. 

This comparison provides some evidence that ROSAT 
PSPC can be used to evaluate reliable global properties of 
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Figure 6. Spectral maps showing the temperature (left) and metallicity (right) of NGC 5171 in regions of similar surface brightness. 
The contours are the logarithmically spaced surface brightness isophotes shown in Fig. |5] The parameters and errors corresponding to 
each region are shown in Table 1^ 
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0.98±0.14 


0.41±2.44 


1.37 


2 


1.13±0.18 


0.37±1.10 


2.65 


3 


1.04±0.16 


0.23±0.20 


0.79 


4 


1.33±0.15 


0.23±0.27 


0.87 


5 


1.20±0.14 


0.10±0.07 


0.98 


6 


0.92±0.24 


0.06±0.16 


0.73 


7 


1.03±0.12 


0.12±0.08 


1.15 


8 


0.83±0.10 


0.08±0.06 


0.87 


9 


1.25±0.41 


0.18±0.69 


1.04 


10 


0.92±0.15 


0.32±2.48 


0.77 



Table 3. The spectral properties of NGC 5171 in regions of sim- 
ilar surface brightness, as defined by the contours shown in Figl^ 
Values correspond to the regions marked in Figure 151 



groups, despite lacking the energy resolution to determine 
metallicity. Furthermore, our comparison corresponds to a 
group in the process of merging, and o ne might expect better 
agreement for more relaxed systems. iHelsdon et al.l ||2004|) 
compare ROSAT and Chandra results for two low velocity 
dispersion groups and find that, even in these low luminos- 
ity cases, the diffuse X-ray emission identified by ROSAT is 
not grossly misleading. However point source contamination 
and inaccurate spectral characterisation lead to an overesti- 
mation of Lx by ~ 30 - 40%, although source contamination 
should be less of a problem for more luminous systems (e.g. 
Lx > 10*^ erg s~^). We can therefore have some confidence 
in the scaling relations derived using ROSAT data. How- 
ever, the superior sensitivity of XMM-Newton, and in this 
case longer exposure time, reveals additional features in the 
morphology, and allows us to map the spatial variation of 
spectral properties. 



7.2 Scaling relations 

NGC 5171 exhibits an unusually high velocity dispersion (ctv 
— 494±94 km s~^) in comparison to typical groups in the 



sample from which it was taken. However the presence of a 
hot, intragroup medium detectable out to ~ 300 kpc con- 
firms that it is a gravitationally bound group rather than a 
chance alignment of galaxies. The high value of Papec ~ 1-59 
indicates that there is significantly more specific energy in 
the galaxies th an in the ga s, in contrast to m ost groups 
jHelsdon fc Ponman , 2000a : .Osmond fc Ponmanlt2004 'l . 

Fig. |7| shows the scaling relations derived by 
lOsmond fc PonmanI ^M^, with 7?05^r-derived values for 
NGC 5171 shown as large open diamonds, and the values de- 
rived in this work as filled diamonds. The (Tv-Tx plot shows 
the high /3spcc of NGC 5171 in comparison to most of the 
remainder of the GEMS sample (/Jspcc = 1 is indicated by 
the solid line). The Lx-Tx and Lx-Lb relations reveal that 
NGC 5171 also has a rather high X-ray luminosity in com- 
parison to both its temperature and optical luminosity. The 
final plot shows the Lx-CTv relation in which NGC 5171 ap- 
pears consistent with the line of best-fit for groups. These 
results suggest that some effect is serving to either increase 
(Tv and Lx or decrease both Tx and Lb in the NGC 5171 
group. 



T.3 Galaxy dynamics 

Fig. |H| shows a velocity histogram for the member galaxies 
of NGC 5171, where the bins are of width 300 km s~^, and 
are positioned such that one bin is centred on the average 
value of velocity for the group (« — 6924 km s"'^). This plot 
demonstrates weak evidence for a bimodal distribution in 
galaxy velocities, which may be responsible for the high ve- 
locity dispersion seen in NGC 5171. It should however be 
noted that the significance of this bimodality is sensitive to 
the position of the histogram bins, and moving them by 
100 km s~^ can remove this feature altogether. However the 
distribution remains non-Gaussian in appearance indepen- 
dent of the binning phase. To measure the departure of the 
observed velocity histogram from a Gaussian distribution 
(mean = iigroup, sigma — ctv), we apply the Kolmogorov- 
Smirnov test, which does not require the data to be binned, 
and is appropriate for a small number of data points. We 
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find a probabifity of agreement between the two distribu- 
tions of < 0.1%, suggesting that NGC 5171 exhibits genuine 
velocity substructure. 

The high values of and Pspcc derived for NGC 5171, 
together with the non-Gaussian nature of its velocity his- 
togram, suggests the presence of two sub-populations of 
galaxies in the process of merging. From Figl^we can see 
that the galaxies which constitute these two sub-populations 
are not clearly spatially separated, indicating that either 
they are merging in a direction close to the line of sight, or 
are currently passing through one another. 



7.4 Spectral features 

It is likely that the spectral features seen in Figs |S] and 
|S| are a direct result of the interaction of these two sub- 
populations of galaxies. The two features of interest are the 
bright central filament, and the Western hot region, both of 
which are located near the BGG (NGC 5171), and the two 
brightest galaxies from the second population (NGC 5179 
and NGC 5176, see Fig.EJ. 

The enhanced abundance and reduced temperature of 
the bright central filament (Fig.jSJ suggests that it originates 
from the supernova-enriched interstellar medium (ISM) of 
a bright galaxy. If we assume that the two populations of 
galaxies, dominated by NGC 5171 and NGC 5179 respec- 
tively (Aw — 221 km s~^), are in the process of merging, 
then it is probable that the bright central filament is the re- 
sult of a tidal interaction between NGC 5171 and NGC 5176. 

The lack of any increase in surface-brightness in the 
Western hot region suggests no corresponding increase in 
density, and therefore an excess in entropy. The enhanced 
temperature and entropy of the this region could then result 
from shock-heating of the IGM, by the interaction between 
the two merging subgroups. The temperature of a region 
of shocked gas can be calculated from the velocity differ- 
ence between the two interacting systems using the standard 
shock jump condition: 

^ [27Af^-(7-l)][(7-l)M^+2] 
Tx (7 + l)2Af2 ^ > 

where Tx is the pre-shock temperature, 7 is the ratio of 
specific heats (here 5/3), and M is the Mach number of the 
shock. We evaluate the spectral properties of the hot region 
by extracting data from within the box shown in Fig. |3 
for all three instruments, and fitting in the usual way. This 
gives a temperature of 1.58±0.36 keV, and a metallicity of 
0.16±0.22 Zq. Assuming the pre-shock temperature is equal 
to the global value Tx = 0.96 keV, implies a shock velocity 
of Vs = 641±132 km s"\ From Fig.Hlwe see that this shock 
velocity is consistent with the velocity separation between 
the two most populated bins (Aw = 600 km s~^). It should 
also be noted that the value of A« = 600 km s~^ is the 
velocity difference along the line of sight, and is therefore a 
lower limit on the 3D velocity difference. 

Hydrodynamical simulations of merging clusters of 
galaxies have shown that shock-heating can occur at the 
interface of the two subclusters, and then propag ate out in 
a dir ection perpendicular to the axis of collision jTakizawal 
I1999I) . In the case of a collision between two galaxies of un- 
equal mass, the shocked region forms a cone, angled towards 



the more massive galaxy. Our observed hot region is there- 
fore consistent with an interaction in the direction of the 
bright central filament, where NGC 5171 is the more mas- 
sive galaxy, and NGC 5176 belongs to a less massive infalling 
group. However there is only weak evidence for a correspond- 
ing hot region to the South-East of this filament (Fig.l^. 



T.5 South-East emission region 

Given the undetermined redshifts of the galaxies coincident 
with the South-East emission region (Section 0J, it is likely 
that the X-ray emission seen here originates from a back- 
ground group or cluster of galaxies. We evaluate the spectral 
properties of this region by extracting data from within a ra- 
dius of 2 arcmin of the background object, and for the pur- 
poses of spectral fitting, assuming a redshift 4 times greater 
than the redshift of NGC 5171, based on the lower galaxy 
luminosities discussed in Section 0] We find a temperature 
of 1.14±0.13 keV, and a metal abundance of 0.16±0.14 Z©. 
At the distance of NGC 5171, the X-ray luminosity corre- 
sponding to this model is 41.37 ±0.32 erg s~^. Adopting th e 
Lx-Tx relation for groups from lOsmond fc Ponmaiil i2004l) . 
and using our fitted value of temperature, gives a predicted 
X-ray luminosity of 42.54 erg s~^. Comparing these two Lx 
values suggests that if the South-East emission originates 
from a galaxy group, its distance should be a factor of « 3.8 
larger than that of NGC 5171, in excellent agreement with 
the factor of ~ 4 derived from the galaxy luminosities (Sec- 
tion 0J. We therefore conclude that the background object 
is probably a group of galaxies at a distance of « 430 Mpc 
(z ^ 0.092). 



8 CONCLUSIONS 

Previous studies of NGC 5171 using the ROSAT PSPC have 
found it to be both X-ray luminous (Lx > 10*^ erg s~^), and 
of an unusual morphology. X-ray contours appear highly ir- 
regular and are not centred on a BGG (Fig. 0. However 
improved XMM-Newton data reveal that the X-ray emis- 
sion is comprised of two distinct subregions corresponding 
to NGC 5171 and a background group, and that the main 
component is centred on a bright central ridge extending 
from the BGG, to a nearby galaxy. Spectral mapping re- 
veals this filament to be both cool and metallic, suggesting 
that it originates from the interstellar medium of the central 
galaxies. We therefore suggest that this filament is the result 
of a tidal interaction between NGC 5171 and NGC 5176. 

Our spectral analysis of NGC 5171 indicates that the 
integrated X-ray emission is reasonably well described by 
a single temperature APEC model, with Tx = 0.96 keV, 
typical of groups (Osmond & Ponman 2Q0^. However the 
calculated values of (Jv, and therefore /3spec, are unusually 
high, and a histogram of the galaxy velocities exhibits a 
significantly non-Gaussian distribution, as well as a weak 
bimodality. This suggests that NGC 5171 may be comprised 
of two or more sub-populations of galaxies in the process of 
merging. 

Adaptively binned spectral maps reveal a hot, metal- 
lic region to the West of the bright central filament. The 
temperature of this region is consistent with shock-heating 
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Figure 7. The scaling relations for galaxy groups as derived bv lOsmond PonmanI i2004) . The solid lines represent unweighted OLS 
bisector fits to the points s hown, and the bold line in the (Tv vs Tx plot corresponds to /3spoc = 1- The large diamonds represent NGC 5171 
from this work (solid), and lOsmond &z Ponmaj] (open). 



by galaxies moving with a velocity similar to the velocity 
separation of the two sub-populations of galaxies. 

We also compare our data wi th the ROSAT derived val- 
ues of lOsmond fc PonmanI 120041) , finding agreement within 
l.lcr in Tx, and 1.6a in Lx. This comparison helps to vali- 
date the use of ROSAT data in deriving global group prop- 
erties, and hence scaling relations. 
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Figure 8. A velocity histogram of the member galaxies of 
NGC 5171. The curve represents the expected Gaussian distri- 
bution, using the calculated values of mean group velocity (v) 
and group velocity dispersion (o"v), marked with the intersecting 
vertical lines. 
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